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SUMMARY 

KACA tnstrumentation  ha^ been inetalled in the airplanes to 
obtain  s tabi l i ty  and control data during the Nortbrop conducted 
acceptance t e s t a .  %e results of the second flight of the X& nuniber 1 
a3rplane are pesented in th is  report. This f l i gh t  w a s  made w i t h  the 
center of grarlty at 19.7 percent of the man aeroaynamlc chord and 
w i t h  the rudde-boost system removed. 

The result8 of the fllght showed that the 1angitudIna.l stability 
was positive b the  -clean conditicm and in the gear-tfcwn flap-9 
condition. Recards taken during landing appoach and in a run 
at 170 miles per hour showed tha,t the lateral omil la t ion-1s poorly 
damped. The p i l o t  reported that the rudder control was Etaequate. L 

As a part of the W m c e  - Navy - NACA transonic flight research 
~ o g r a m ,  the Korthrop Campany has c-tructd the X 4  airplane. This 
airplane 58 intended for perfordng research on a t a i l l e s s  C o n f i g u -  
ra t ion at  hi&h suteonic Mach mzmbbrs. 

I'?ACA recording inetrwnentation has been installed in the airplane  
t o  povide data on s t ab i l i t y  and control  characteristics during the 
Northrop conducted acce@xiice tests. The wesent report give8 data 
obtalned in the second fl ight  with this airplane, .  d e  A ~ i l  27, 1949. 
For t h i s  flight, the  center of gravity waa located at  19.7 pecent  mean 
aer-c char& in comprfsm  with the location of 22 percent mean 
aerodynamic chord for the f irst flight reported in  reference 1. In . addition,  the rudder boost was- removed and a direct  control linkage 
was instaued. 
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I 

vi indicated  airspeed, miles per hour 

B sideslip angle,  degree8 

s w i n g  area, a m e  feet 

W airplane weight ,  pounds 

cn airplane nomnal4cnce coefficient 

n normal acceleration 

Subscripts: 

"he Rorthrop 1-4 airplane is 8 aemitaillees research airplane 
having a vertice tajl but no horizontal.tail  surfaces. It is powered 
by two West5nghouse J3WNEL74 enginee and $8 designed for flight 
resemch in the  high-subsonic epeed range. Photographs of the airplane 
are presented in figure I and a three--vim d r a w i n g  of the airplane is 
presented in figure 2. Table I lists the phyeical  chmacteristice of 
the airplane. 

. 
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airspeed, right 
the recorda are 

I 

a& left elevon position, and rudder 
correlated by a cammon timer. 

position. All 

The recording aireped and altimeter a r e  connected to the airspeed 
head. on the   ver t ical  fin. A calibration of thts lnetallation has not 
y e t  been made. 

%e trim data f’rcua the three speed runs are pesented in figure 3 
where the  longitudinal  control is represented by the amrage elevan 
deflection, an3 the lateral control   ie  presented aa the difference 
between the right and l e f t  elevon deflection, The varhtion of the 
longitudinal-conkol angle w i t h  speed as &pen in figure 3 share that 

stabiliky with the center of gravlty at 19.7 percent mean aerodpamfc 
chord as canpared w i t h  the slight instabi l i ty  w i t h  the center of gravity 
at  22 percent mean a e r e c  chmd sham In reference 1. 

. the  airplane poaeessee adequate posltian etickdixed longitudbal 

I 

A the histarly of the lanaing appoach and landing I s  given in 
fie;ure 4. &am t h i s  figure it can be seen that the airplane possessed 
slight positive 1,Ongitudinal etabfll ty with the landing gear dawn a d  
flaps up 88 eyidenced by the lacrease i n  upward elevon deflections 88 
the speed w w  decreased. Ap-poxIn&elg 140 of longitudinal. control wa8 
wed f o r  landing which left adequate control for lateral motions of the 
airplane. It should be pointed out, however, that this landing was 
made w e l l  above m3nfmm speed without f lap.  It should be noted that 
during the appoach to lading, the small movements of the rudder 
caused a l a t e ra l  OscilLatiaZr that w88 slow to damp and even continued 
at mal1 amplitudes w i t h  the rudder held fixed. Figure 5 gives a 
further example of the poor damping of the Lateral  oscillatfan. Thia 
figure is a tims histcay of the stabilized run which the pilot made 
at 170 miles per hour i nd ik t ed  airspeed. It should be noted that the 
controls are held essentially fixed while the airplane oecillated in  
sideslip. Figure 4 am2. figure 5 Indicate that the lateral oscillaticm 
has a period of approxfmately 2 t o  3 seconds and that the oscil lation 
damps t o  half-anrplitude in approxinaately 4 to 5 seconds. 

. 



4 - RACA RM WF21 

The pi lot  was satisfied with the longitudinal &abil i ty  with the 
center of gravity at  19.7 percent mean aer-c  chord.. The rudder 
control W&B considered adequate. Although the p i l o t  did not consider 
the poor damping of the lateal oscillation  objectionable at the speeds 
for which data are presented herein, he encountered a poorly chmped 
lateral oscillation at 290 miles per hourwhich he considered very 
objectionable. The p l lo t ,  hgwepr, did not get a recard of this 
oscillation. 

. 

1. The-airplane ha8 positive longitudinal  stability with the 
center of gravity at 19.7 percent mean aerodynamic chord in the clean 
condition and in t h e  geeucdown f1ap-g condition. 

. 

3. The rudder control reported by tihe pilot to be adeqyate. 

Walter C. William 
Aeronautical Research Scientist 

Assistant C-ef of Resemch 



&&lOE ( two)  . . . . . . . . . . . . . . . . .  WeEtinghouae L3-7-9 
pouade . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1600 

bfinlmm (10 gal fie1 trappea) 5670 
- (240 sal fuel) .pso 

Flat- (each). s t a t l a  tbruet at mea level. 

Weight far acceptjanoe teste. paunds: . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  
W i n g  loadlng. @E per aqnare foot: 

l43Xhum . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28.3 

Gear d m .  Full load . . . . . . . . . . . . . . . . . . . . . .  22.5 
Gear dQyn. eqw . . . . . . . . . . . . . . . . . . . . . . . .  20.2 

Gear up. empty . . . . . . . . . . . . . . . . . . . . . . . . . .  19.7 

gelght. OPBT all. feet . . . . . . . . . . . . . . . . . . . . . .  1b.83 

Centee-vitr  travel (first flfght). percent MAC: 

Gearup. m””d . . . . . . . . . . . . . . . . . . . . . . .  22.0 

Length. over dLI. feet . . . . . . . . . . . . . . . . . . . . .  .2 3.25 

Wing: 
&a. EqUare feet . . . . . . . .  
&foil 8 0 C t i a  . . . . . . . . .  spqll. feet . . . . . . . . . . .  
k a n  aerodpmndc ahord. feet . . .  
Aspect ratio . . . . . . . . . . .  
Root chord. fee t  . . . . . . . . .  
Tlp chard. feet . . . . . . . . .  
%per ratio . . . . . . . . . . .  
Sweepback (leading ). dewerr 
Dihedral ( c h a r d  p-y degrees .. 

. . . . . . . . . . . . . . .  200 . . . . . . . . . . . . . . .  -26.83 . . . . . . . . . . . . . .  001 0.64 . . . . . . . . . . . . . . .  7.81 . . . . . . . . . . . . . . . .  3.6 . . . . . . . . . . . . . .  -10.25 . . . . . . . . . . . . . . .  4.67 . . . . . . . . . . . . . . .  2.2.1 . . . . . . . . . . . . . .  . 4  1.n . . . . . . . . . . . . . . .  0 

wing  f h p E  (Ef l t ) :  
Area. equare feet . . . . . . . . . . . . . . . . . . . . . . .  16.7 Chad. percent wing && . . . . . . . . . . . . . . . . . . .  25 
Travel. degrees . . . . . . . . . . . . . . . . . . . . . . . .  30 

ma feet . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 . 9  

Dive braks dlmen~lorm sa flapa: 
P.a-1. . . . . . . . . . . . . . . . . . . . . . . . .  

Elevons: 
Area (total). m w e  feet . . . . . . . . . . . . . . . . . . .  17.20 
8p.n (2  elevon^^, feet . . . . . . . . . . . . . . . . . . . . .  15.45 Chord. percent ving OM . . . . . . . . . . . . . . . . . . .  20 

up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 

Operation . . . . . . . . . . . .  m a u l l c  with electrical mmrgency 

bbbvenent. & p e a :  

DoM . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 

vertical tail: 
k e a .  E Q U ~ W ~  feet . . . . . . . . . . . . . . . . . . . . . . .  16 
Height. feet . . . . . . . . . . . . . . . . . . . . . . . . . .  5.96 

kea. square feet ........................ 4.1 
Span. feet . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.3 
Ipavel. depeee . . . . . . . . . . . . . . . . . . . . . . . .  30 

Rudder: 



Figure 1 .- Photographs of X-4 airplane. 
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Figure 5 .-. Time hietory of laterel osc.illatian dm- stabflized rm. X-4 airplane. 
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